This study investigated the usefulness of short-term memory tests as a strategy for reducing adverse impact in personnel selection decisions, also achieving high validity in predicting job and training performance. Based on an integration of 27,973 individuals from 31 samples, the average Black-White mean difference in standard deviation units was .42. This is less than half the mean score difference that is typically obtained with general cognitive ability tests. A separate analysis of 141 validity coefficients based on 34,262 individuals indicated that short-term memory tests yielded validities of .41 for job performance (. 19 observed) and .49 for training performance (.28 observed). Validity was generalizable for all distributions examined.
memory test, to naval cadets. The authors found that the short-term memory test did predict grades in navy schools (r = .30, corrected for attenuation) and advancement into technical jobs (r = .44, corrected) for naval cadets. However, the short-term memory test was predictive only for cadets with low general cognitive ability. These initial findings suggest that, unlike g, short-term memory tests may not be valid in all situations for all types of individuals.
Recently, Jensen (1993a) revised his position on his original level of abilities theory. Jensen (1993a) stated that his theory is merely an extension of Spearman's hypothesis and thus may not be a unique contribution to the understanding of group differences in general cognitive ability. However, in this same chapter, Jensen (1993a) noted that the distinction between Level I abilities and Level II abilities has unique applied uses in selection and training settings, such as the use of Level I tests to predict training and job success. Further, Jensen (1993a) suggested that there is still need for a "true experimental test on a large enough scale to inspire confidence" (p. 190) in the usefulness of Level I tests. This study attempts to meet this need.
The purpose of this study is twofold. The first goal is to determine if shortterm memory tests result in smaller group differences than tests of general cognitive ability. The second goal is to clarify the value of short-term memory tests for predicting job and training performance across jobs and individuals. Both of these goals are addressed using meta-analytic procedures.
METHOD
Two separate meta-analytic studies were conducted to address the two research goals: Study 1 analyzed Black-White differences on short-term memory tests, and Study 2 reviewed the validity of short-term memory tests in predicting job and training performance. Study 1 and Study 2 shared some aspects of methodology, such as decision rules and the literature search. These shared areas are described first, and then the procedures for each study are described separately. Rothstein and McDaniel (1989) described the importance of clearly articulated decision rules when conducting and reporting meta-analyses. In order to decide which research studies to include in the meta-analyses and which to omit, two general decision rules were used. In addition to these general rules, Study 1 and Study 2 each had one unique decision rule that guided inclusion of a study.
Decision Rules
The first general decision rule, applicable to both Study 1 and Study 2, was that a research study was only included in the meta-analyses if the study used a short-term memory test. Such tests include digit span, digit symbol substitution, or tests very similar to these two tests. Generally, short-term memory tests described in included studies were the digit span and digit symbol subtest of the WAIS, the short-term memory subtests of the Stanford-Binet and the Wechsler Memory Scale, Memory for Numbers Test, or other related tests. These tests have in common the use of numbers, lack of a study period, and immediate recall and they are considered prototypical Level I tests (Jensen, 1993a) . Singer, Andrusiak, Reisdorf, and Black (1992) noted that word familiarity and vocabulary influence memory performance. Thus, in order to minimize confounds and unrelated variance, studies were omitted from the metaanalysis if they used tests that used meaningful word associations, such as a paired associates task, or if they required a study period or had delayed recall.
The second general decision rule concerned the type of individual used by the research study. In order to enhance generalizability of results, studies were only included in the meta-analyses if the participants were healthy, average individuals. Thus, studies such as Davidson, Gibby, McNeil, Segal, and Silverman (1950) , which used institutionalized patients, were excluded from the meta-analysis.
In addition to these two general decision rules, Study 1 and Study 2 had unique decision rules.
Study I. The decision rule unique to Study 1 that affected the inclusion of a research study into the meta-analysis was that only research studies that compared Black and White performance on short-term memory tests and reported sample size, means, and standard deviations for both groups were included in the meta-analysis.
Study 2. The decision rule unique to Study 2 also affected the inclusion of a research study into the meta-analysis. In order to assess the predictive validity of short-term memory tests in applied settings, only studies that used job and training performance criteria were included. These criteria include the traditional methods of measuring performance such as supervisor-peer ratings, quantity of production, work samples, and training course grades. Also, job and training performance criteria would be examined in separate analyses.
Literature Search and Review
Automated and manual searches of books and articles from 1900 to 1994 were conducted. These searches included reviewing the PsychLit databases, bibliographies of relevant, seminal books (e.g., Jensen, 1980; Matarazzo, 1972; Shuey, 1966) , the Validity Exchange Index from Personnel Psychology, reference lists from the Stanford-Binet (Thorndike, Hagen, & Sattler, 1986) and WAIS intelligence tests, test reviews of the WAIS (e.g., Guertin, Ladd, Frank, Rabin, & Heister, 1966 Guertin, Rabin, Frank, & Ladd, 1962) , and unpublished dissertations and theses. Research studies were included in the meta-analyses based on the previously mentioned decision rules.
The authors imagined that because of the massive amount of research conducted on intelligence testing and ethnicity, there would be many studies that met the decision rules. Unfortunately, this was not the case. In fact, many studies did not meet the pertinent decision rules for a variety of reasons. Many studies looked at short-term memory differences between SES groups, but not Black and White groups. Several studies used only Black or only White participants, thus no comparison was possible. Other studies failed to report means and standard deviations, failed to report short-term memory scores separately (i.e., only reported full, verbal, and performance scales), failed to report short-term memory test/performance criteria separately (i.e., reported validity for entire test battery only), failed to use statistics amenable to the present analyses (e.g., reported percentiles, percentages, factor loadings), or did not use a short-term memory test that met our decision rules.
For Study 1, the literature search and review yielded 17 studies and 31 BlackWhite short-term memory test comparisons. These studies included a total of 27,973 individuals. Of the 31 effect sizes, 16 are for adults and 15 are for children. See the Appendix for a list of the studies included in Study 1 and Study 2.
For Study 2, the literature search yielded 11 studies and 141 validity coefficients, covering a total of 34,262 individuals. Of these 141 validity coefficients, 106 are for job performance and 35 are for training performance. Additionally, of the 141 coefficients, 125 came from . reported the average correlations for two short-term memory tests (immediate recall and substitution) in a variety of occupations categorized by several methods. The validity coefficients associated with Ghiselli's Dictionary of Occupational Titles listing were included in the meta-analysis. Because Ghiselli reported average correlations, the sample size was not specific for each coefficient. Instead, Ghiselli reported a range of sample size, such as n = 100-499. In order to use Ghiselli's data, the middle value of the sample size range was used. For example, for the range n = 100-499, the value of 250 was used. The middle value was chosen because using the extreme ends of the range would lead to either an over-or underestimation of the sampling error.
Past research demonstrates that personnel screening tools often have greater validity for some occupations than for others. For example, cognitive ability measures have been found to be more valid for more cognitively demanding jobs than for less demanding jobs (Gutenberg, Arvey, Osbum, & Jeanneret, 1983; Hunter, 1983; McDaniel, 1986b) . Psychomotor measures are less valid for more cognitively demanding jobs (Hunter, 1983) . For the purpose of moderator analysis, occupations may be classified by job content (e.g., secretaries, police officers), or by job attributes such as the levels of cognitive demands placed on the employee. As discussed by McDaniel, Schmidt, and Hunter (1988a) , classification schemes based on job content may typically provide control over sources of variance caused by job attributes because many job attributes have little or no variance within a job family. However, this control is gained at the sacrifice of detailed information about the attributes that may moderate validity. Furthermore, job content classifications require that many validity studies be conducted for the same job. Job attribute classifications provide a better opportunity to understand why the validity of a given predictor varies across jobs. The success of a job attribute analysis requires the measurement of a large number of jobs on the attributes of interest.
In this study, the job attribute of cognitive demand was measured by attributes provided in the Dictionary of Occupational Titles (DOT; U.S. Department of Labor, 1977) . The authors of the dictionary argued that "every job requires a worker to function to some degree in relation to data, people, and things" (p. xvii). The DOT data scale considers synthesizing and coordinating to be high in the data function, whereas copying and comparing jobs are low in the data function. The DOT data variable is a measure of the cognitive demands of jobs (Rivkin & McDaniel, 1990) . We divided the effect sizes into three categories based on the cognitive demand of the occupation: high (0, 1, and 2), medium (3, 4, and 5), and low (6, 7, and 8). This moderator is also of interest given the findings that short-term memory tests are less predictive for individuals with high general cognitive ability; that is, the individuals who would likely be performing the jobs with high cognitive demands (Jensen, 1993a; Vernon, 1987) .
Procedure
In order to meet the goals of this study, two sets of meta-analyses were performed. One set of analyses examined White-Black differences in scores on short-term memory tests. The second set examined the validity of short-term memory tests for predicting job and training performance. The Hunter-Schmidt psychometric meta-analysis method (Hunter & Schmidt, 1990) used is based on the hypothesis that much of the variation in results across studies may be due to statistical and methodological artifacts rather than to substantive differences in underlying population relationships. Some of these artifacts also reduce the effect sizes (e.g., r's, d's) below their true (e.g., population) values. The method determines the variance attributable to sampling error and to differences between studies in reliability and range restriction, and subtracts that amount from the total amount of variation, yielding estimates of the true variation across studies and of the true average effect size (Hunter & Schmidt, 1990) .
To estimate the population distributions of the racial effect sizes and test validities, information on the reliability of short-term memory tests is required, Table 1 presents the set of test-retest reliabilities for short-term memory tests that were located for the present analyses.
In the analysis of the White-Black score differences, a meta-analysis of the standardized mean differences was used. A standardized mean score difference (d) expresses the mean score differences in standard deviation units. A d value of zero would indicate that there were no mean score differences between Black and White groups. Most cognitive tests yield a d of approximately 1, indicating that the mean score of the Black and White groups differs by a full standard deviation. We conducted two sets of analyses. In the first set, the sole artifact correc- 21 tion made was for sampling error. This analysis provides the estimated mean race differences that would be observed when using short-term memory tests. These mean observed race differences are underestimates of the population race differences due to the measurement error in the short-term memory tests. The second set of analyses estimate the population race differences by correcting the distribution of observed effect sizes for both sampling error and measurement error in the short-term memory tests. In these analyses, the population mean has been corrected for measurement error in the short-term memory tests. The variance of the population distribution has been corrected for sampling error and differences across studies in the reliability of the short-term memory tests. When the sample consisted of children, the reliability was estimated at .72, which is the mean of the two reliabilities in Table 1 for 16-17-year-olds. Note that the typical mean age of the children in the samples was under age 16. We used the 16-17-year-old reliabilities because they were estimated from the closest age group to our child samples. When the sample consisted of adults, the reliability was estimated at .83, which is the mean of the remaining reliabilities in Table 1 . Studies included in the Black-White meta-analysis used one of four types of short-term memory tests. These tests are: forward digit span, digit symbol substitution, composite tests (i.e., a battery of short-term memory tests such as the short-term memory subtests of the Stanford-Binet), and applied short-term memory. The applied short-term memory tests were developed to select police officers , 1991 Barrett, Carobine, & Doverspike, in press ). These tests used picture-number paired associates. These tests did not stringently meet the decision rules as they had a brief study period (4 minutes), although they did meet the decision rule of having minimal verbal content. These data were included in the meta-analysis because the tests were developed specifically to reduce adverse impact in an applied setting and thus represent a tailored short-term memory test that differs from more general tests. Black-White score differences on these four types of short-term memory tests were assessed overall and separately in the analysis.
In the meta-analysis of validity coefficients, we used artifact d~bution meta-analysis, using the interactive method (Hunter & Schmidt, 1990 , Chapter 4). The mean observed correlation (f) was used in the sampling error variance formula (Hunter & Schmidt, 1990, pp. 208-210; Law, Schmidt, & Hunter, 1994; Schmidt et al., 1993) . The computer program utilized is described in McDaniel (1986a) . Additional detail on the program is presented in Appendix B of McDaniel, Schmidt, and Hunter (1988a) . The reliability artifact distribution consisted of those reliabilities in Table 1 excluding the two reliabilities for the 16-17-year-olds.
Performance and training criteria were analyzed separately. Scant information was available on the range restriction and criterion reliability for the reported coefficients. Therefore, the job and training performance criterion reliability and range restriction distributions used by Pearlman (1979) were used in this study (average job performance criterion reliability = .60; average training performance criterion reliability = .80). We assert that the use of a job performance criterion reliability distribution with a mean value of .60 is conservative (i.e., underestimates the true validity of the predictors), as Rothstein (1990) found that across 9,975 employees and across all time periods of supervisory exposure to employees, the mean interrater agreement (reliability for one rater) was .48. Table 2 presents the meta-analysis results for the mean score differences on shortterm memory tests for Whites and Blacks. The first column of the table identifies the distribution of effect sizes analyzed, and the next two columns present the total number of d coefficients on which each distribution was based and the total sample size. The next five columns present the uncorrected mean and standard deviation of each distribution, the standard deviation expected due to sampling error, the percentage of variance due to sampling error, and the residual standard deviation. The residual standard deviation is the estimated standard deviation of the observed distribution corrected for sampling error. The next four columns concern the estimated population distribution. The mean and standard deviation of the estimated population distribution are presented. The last two columns present the 95% credibility interval around the population mean. Table 3 presents the meta-analysis results separately for job and training performance. The first column of the table identifies the distribution of validities analyzed. The next two columns present the number of validity coefficients on which each distribution was based and the total sample size. The mean and stan- Note. Mean r = Mean observed correlation coefficient. % = Standard deviation of distribution of observed correlation coefficients. Mean p = Estimated mean population correlation coefficient. trp = Estimated standard deviation of the population distribution. 90% CV = Bottom 10th percentile credibility value.
RESULTS
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dard deviation of the distribution of observed coefficients is presented in the next two columns. The final three columns present the estimated population mean (p), the estimated population standard deviation (trp), and the 90% credibility value for the distribution of true validities. This population distribution is corrected for unreliability in the criterion and range restriction. Corrections to the mean do not include corrections for predictor unreliability. The variances of the true validity distributions are corrected for sampling error and for differences among the studies in predictor and criterion reliability and range restriction.
DISCUSSION
Discussions of race differences in test scores typically focus on observed differences that are attenuated by measurement error in the tests. For consistency with this literature, our discussion focuses primarily on the observed distribution mean. The meta-analysis performed in Study 1 revealed that although there are differences between Blacks and Whites on short-term memory tests (d = .42), these differences are less than half the size of those typically found on general cognitive ability measures, which have a d of approximately 1.0 (Gordon, 1986; Herrnstein & Murray, 1994) . Additionally, the smallest group differences were found on the substitution (digit symbol), d = .35, and forward digit span tests, d = .40. This finding is reasonable, as these types of short-term memory tests are considered prototypical short-term memory measures . Additionally, the applied short-term memory tests resulted in only slightly larger group differences relative to the other tests, d = .43.
The composite battery tests resulted in the largest group difference, although the difference is still much less than the difference found on measures of general cognitive ability. However, one should place less confidence in the results for the composite test distribution because it contains only three effect sizes. Distributions with few effect sizes have greater potential for second-order sampling error, which can distort the mean effect size estimate to some extent (Hunter & Schmidt, 1990; Schmidt, Hunter, Pearlman, & Hirsh, 1985, Questions and Answer number 25) . Therefore, these analyses should be rerun in the future as more studies become available.
Some samples were composed of adults and others were composed of children. Using the adult versus children dichotomy as a moderator, analyses found that short-term memory differences are more pronounced in adults (d = .49) than in children (d = .39). This difference is not surprising based on the understanding that intellectual abilities are developmental in nature (Brainerd & Reyna, 1993; Cronbach, 1990; Kamii, 1986 ). This finding is consistent with those found by in his initial research, which led him to suggest changes in teaching styles and methods in elementary education to prevent greater differences at later ages.
An inspection of Table 1 reveals that short-term memory tests have lower reliabilities for children than adults. Thus, one might speculate that the difference in race effect sizes between children and adults might be an artifact of the reliability of the tests in the two populations. An inspection of the population distribution means indicate that when the effect sizes are corrected for test measurement error, the mean effect size for adults (.54) js still larger than the effect size for the children (.46). Thus, the effect size differences in observed test scores are not primarily due to test reliability differences.
In summary for Study 1, the large sample of 27,973 individuals analyzed permits one to place great confidence in the finding that tests of short-term memory result in smaller racial mean differences than tests of general cognitive ability. Although the degree of race differences varies somewhat by type of short-term memory test and by the age of the sample, all distributions show substantially smaller race differences then do tests of general cognitive ability.
The meta-analyses performed in Study 2 revealed that short-term memory tests are valid predictors of both job performance (9 = .41) and training performance (9 = .49). We offer a post hoc explanation for the curvilinear relationship by complexity found in the job performance data. High-complexity job, such as executive or manager, are likely to have a large general cognitive ability component and minimal short-term memory component, thus short-term memory tests should have a lower correlation with performance on these jobs. Similarly, jobs with a medium cognitive complexity level, such as secretary and general clerk, should have a relatively high short-term memory component based on the types of tasks performed. Low cognitive complexity jobs, such as produce packer, are often largely based on manual labor, and thus have a smaller emphasis on shortterm memory abilities. This pattern suggests that short term memory tests are valid predictors for all job levels, but predict some jobs more strongly than others.
Study 2 also found that short-term memory tests predict training performance (9 = .49) better than job performance (p = .41). This pattern of validities is consistent with the research on the validity of cognitive ability measures. In general, cognitive ability measures yield higher validities for training than for performance criteria (Lilienthal & Pearlman, 1983; Pearlman, 1979) .
Validity may be concluded to be generalizable if the value at the lower 10th percentile of the distribution of estimated true validities is greater than zero (Callender & Osburn, 1981) . This definition of validity generalizability is directly analogous to significance testing. A correlation is statistically significant when the lower bound of its confidence interval is above zero. By this criterion, all distributions in Table 2 show validity generalization.
The meta-analyses conducted in Study 1 and Study 2 demonstrate that shortterm memory tests are valid predictors of job and training performance and result in less adverse impact than tests of general cognitive ability. This finding identifies a method that assists employers in meeting affirmative action goals and legal mandates. Additionally, such findings give both researchers and practitioners hope that applied duties can be met without compromising professional integrity.
As noted by reviewers of this manuscript, our results are consistent with theory and research on g. Jensen (1985) , among others, theorized that the BlackWhite difference on test scores is a function of the extent to which the tests tap g. Whereas short-term memory measures are less related to g than general cognitive ability measures, an advocate of Jensen's (1985) position would expect shortterm memory tests to yield smaller race differences than general cognitive measures. There is also substantial evidence that the validity of any cognitive test is primarily due to the extent to which it taps g (Olea & Ree, 1994; Ree, Earles, & Teachout, 1994; Thorndike, 1986) . Although the validity of measures of general cognitive ability varies by job, a validity coefficient of .50 is typical for most measures of general cognitive ability (Hunter & Hunter, 1984) . When compared to the .41 validity of short-term memory measures for job performance, one may conclude that the reduced race differences are purchased at the cost of reduced validity. The critical question that employers then face is how much validity reduction one is willing to accept for the reduction in race differences. Given that many employers routinely compromise strict merit hiring to promote a racially balanced workforce, we suspect that many will find a test with a relatively high validity of .41 and relatively low adverse impact to be very acceptable.
The search for predictors with high validity and low racial differences has been the search for the Holy Grail in personnel psychology. Like the search for the grail, most attempts have met with failure. Thus, the results reported here, which offer the promise of high validity and low racial differences, should be examined most carefully. Here, we offer two considerations and potential limitations of the presented research.
First, we note that variance of the d effect sizes is substantial. Some studies show more race differences than others and this variability is not totally explained by sampling error and differences across studies in the reliability of the short-term memory tests. Most of this variance cannot be attributed to differences in the types of short-term memory tests. When we subdivided the full data set into four categories of short-term memory measures, the effect sizes varied somewhat by type of test, but within each test category substantial variance remained. Further disaggregation of the types of short-term memory tests cannot be justified given the low number of effect sizes in our current data set. Furthermore, based on the content similarity of the various types of short-term memory tests, we do not believe that the type of short-term memory measure will prove to a be a substantial source of variance in the distribution.
In addition, the variance in the racial effect sizes cannot be fully attributed to whether the participants in the analysis were adults or children. When we subdivided the full data set into adult and child samples, the adult samples showed larger race differences than the child samples, yet each of these subdistributions still showed large variance.
Although we offer no well-researched hypothesis to explain the variability of effect sizes, we speculate that one cause of this variability is that some samples are more variable than others on nonrace variables related to short-term memory. For example, samples in which both the Blacks and Whites are drawn from the same socioeconomic strata (e.g., samples from wealthy suburbs) might show smaller race differences than samples including individuals from a variety of socioeconomic strata.
Second, we suggest caution in interpreting the moderating effects of cognitive demands on the validity of the short-term memory tests. For the distribution of validity coefficients for high-complexity jobs, the number of coefficients (20) and the number of individuals contributing to the studies (983), although not minuscule, is not as numerous as we would prefer. We suggest that the relatively low validities for these high-complexity occupations may be due to second-order sampling error.
In conclusion, we offer that our findings of high validity with low adverse impact have substantial import for ttJe practice of personnel selection. When short-term memory tests are optimally weighted in a selection composite, the resulting composite will have higher validity and lower adverse impact than the composite without the short-term memory test. We are aware that these results may be surprising to most and noncredible to some. Both the potential substantial import of the results and the limitations of this study suggest that personnel psychologists should devote much more attention to the potential role of shortterm memory tests in personnel selection.
APPENDIX: STUDIES INCLUDED IN META-ANALYSES
The following are lists of the actual articles included in the meta-analyses for both Study 1 and Study 2.
